Objectives-A study was conducted in coke oven workers to evaluate the biological consequences of the exposure of these workers, particularly production ofpotential genotoxic factors. Methods-60 coke oven workers and 40 controls were recruited in the same iron and steel works. Exposure to polycyclic aromatic hydrocarbons (PAHs) was assessed by job and measurement of 1-hydroxypyrene (1OHP) in urine sam-ples. An unscheduled DNA synthesis assay was performed on rat pleural mesothelial cells used as a test system to evaluate the effect of the workers' filtered urine on the DNA repair capacity of rat cells to determine whether DNA damaging agents are present in the urine of these workers.
Abstract
Objectives-A study was conducted in coke oven workers to evaluate the biological consequences of the exposure of these workers, particularly production ofpotential genotoxic factors. Methods-60 coke oven workers and 40 controls were recruited in the same iron and steel works. Exposure to polycyclic aromatic hydrocarbons (PAHs) was assessed by job and measurement of 1-hydroxypyrene (1OHP) in urine sam- ples. An unscheduled DNA synthesis assay was performed on rat pleural mesothelial cells used as a test system to evaluate the effect of the workers' filtered urine on the DNA repair capacity of rat cells to determine whether DNA damaging agents are present in the urine of these workers.
Results-Urinary concentrations of 1OHP ranged from 0.06 to 24.2 (mean (SD) 2.1 (3.6)) jImolimol creatinine in exposed coke oven workers, and from 0.01 to 0.9 in controls (0.12 (0.15)). These high concentrations in coke oven workers reflected recent exposure to PAHs and were in agreement with the assessment ofexposure by job. No significant difference was found between coke oven workers and controls in the DNA repair level of rat cells treated with urine samples. However, the rat cell repair capacity decreased with increasing 1OHP concentrations in the exposed population (r= -0.28, P< 0.05). Conclusions-As high concentrations of 1OHP were found in the urine of some workers, a more stringent control of exposures to PAHs in the workplace is re gg/m') were considered to be exposed to low levels (class 3). Two exposure indices were established for each subject: the "last day exposure", corresponding to the class of exposure of the last workshift preceding urine collection; the "week index", obtained by adding the individual scores of all workshifts of the week for a given subject (individual scores of class 1, class 2, and class 3 were 3, 2, and 1, respectively; the week index for a given coke oven worker therefore ranged from [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] 
STATISTICAL ANALYSIS OF RESULTS
The relation between PAH exposure and cell repair capacity was examined by two methods:
comparison of the ['H]dThd incorporation /
DNA ratio between exposure groups; and correlation of this ratio with urinary 1 OHP. Three types of comparisons were carried out between exposure groups: coke oven workers during exposure versus controls (group 1 v controls); coke oven workers after the end of exposure versus controls (group 2b v controls); coke oven workers during exposure versus coke oven workers after cessation of exposure (groups 2a v 2b). Coke oven workers and controls were compared by x' test and Student's t test for univariate analysis. A paired t test was used to examine the variables of coke oven workers before and after the end of exposure.
Similar comparisons were carried out for the MTT test.
Relations between urinary 1OHP and other biological variables were examined by Pearson's correlation coefficients and adjustment for tobacco smoking was made with urinary cotinine by multiple linear regression.
All statistical analyses were performed with the SAS package.'
Results Table 1 shows the characteristics of the subjects included in the study (age, smoking habits) and the urinary cotinine and creatinine of these subjects. Coke oven workers and con- trols were similar for age, smoking, and alcohol habits. Twenty per cent of subjects consumed drugs. No significant difference was found between coke oven workers and controls for urinary variables, except in group 2b, in which urinary creatinine was higher than in controls. The urinary cotinine concentration was considered to reflect current smoking consumption, whereas 1 OHP was considered to be representative of exposure to PAHs. Coke oven workers had higher urinary 1OHP concentrations than controls, even after adjustment for urinary cotinine (fig 1) . After three months without occupational exposure, the urinary 1 OHP concentrations were similar in coke oven workers and in controls. There was a good agreement between urinary 1OHP values and PAH exposure levels as defined by the assessment of exposure by job. Coke oven workers with high exposure (class 1) during the last shift before urine collection had higher 1 OHP concentrations than less exposed subjects (class 2 and class 3 subjects), even after taking urinary cotinine concentration into account (median values, mean (SD) 3.7 (5.6 (6.5)), 1.3 ( 1.7 (1.2)) and 0.6 (1 (0.8)) pmol 1OHP/mol creatinine for class 1, class 2, and class 3 subjects, respectively; P<0.001). The urinary 1OHP value was strongly correlated with the week index (r=0.52; P=0.001), even when smoking habits were taken into account. 36 The values of urinary 1OHP found in the present study were in the range 0.01-24.2 jmol/mol creatinine and are consistent with those reported by other authors in workers with similar occupations.8 12 21 32 Moreover, a fairly good correlation was found between 1OHP and the week exposure index, confirming that this variable is a good marker of recent exposure. The urinary 1OHP concentrations were also lower three months after the end of occupational exposure and were similar to control concentrations. This is in agreement with the half life of this metabolite, which is about 18 hours.8 The urinary 1OHP concentration is considered to be influenced by smoking habits only in the case of low occupational exposure to PAHs.8 [36] [37] [38] Thus, as some of the exposed workers had a low exposure during the week preceding collection of the urine sample and as smoking habit is a confounding factor, we selected controls with similar smoking habits. This allowed evaluation of the true effect of occupational exposure on the DNA repair capacity of rat cells treated with urine from these workers. The effect of diet, particularly fried or grilled meat, may affect the urinary excretion of 1OHP.'6 39 Although eating behaviour was not controlled in our study, results of 1 OHP were consistent with the evaluation of the level of exposure of the last workshift, as assessed by job by the occupational physician. We therefore consider that diet had a minimal influence in our population compared with that of occupation.
The DNA repair assay has been previously performed on rat cells with concentrated urine samples from subjects exposed to suspected or known genotoxic agents.25 26 A clastogenic activity was shown in rat cells treated with urine from chromium workers and patients receiving radiotherapy with or without chemotherapy for cancer. 25 Emerit et a!27 40 41 showed the presence of clastogenic factors in various biological samples (plasma, synovial fluid, cerebrospinal fluid) from patients with congenital 
